Introduction {#s1}
============

Although conjunctival melanoma is rare, it is the most malignant tumor of the ocular surface. It can arise from primary acquired melanosis (PAM), preexisting conjunctival nevus, or de novo.^[@ref1],[@ref2],[@ref3]^ It manifests with a painless melanotic or amelanotic mass on the ocular surface and is usually accompanied by a persistent dilated feeder blood vessel.^[@ref1],[@ref2],[@ref3]^ It can originate from all three parts of conjunctiva (bulbar, forniceal, tarsal), or from the caruncle.^[@ref1]^

In the treatment of conjunctival melanoma, total tumor resection is essential for avoiding local invasion, recurrence, and metastasis. Surgical management of conjunctival melanoma includes tumor resection using no-touch technique and achieving tumor free margins, partial lamellar sclerectomy, double freeze thaw cryotherapy, and corneal epitheliectomy with alcohol for tumors located at the limbal region. Conjunctival defect might be closed either primarily or with conjunctival flap, a graft from the opposite conjunctiva, oral mucosa, or amniotic membrane (AM), depending on the defect size.^[@ref1],[@ref2],[@ref3]^ All these methods have both advantages and disadvantages.^[@ref4]^

De Rotth^[@ref5]^ described the use of fetal membrane allografts for ophthalmic purposes. Tseng et al.^[@ref6],[@ref7]^ later reported using AM transplantation (AMT) for the surgical treatment of pterygia, corneal defects, symblepharon, and neoplasia. The structural and biochemical composition of AM induces epithelisation by acting as a substrate for epithelial cell growth and also works as an antiangiogenic, antiinflammatory, and antifibrotic agent.^[@ref7],[@ref8]^ The use of AM is safe if the preparation is done according to the standard protocol.^[@ref6],[@ref7],[@ref8]^

There are various reports on the use of AMT for ocular surface reconstruction in conjunctival melanoma. However, the long-term results of this method (in four patients) are reported in only one article.^9^ Herein, we report the long-term success (over 30 months, up to 132 months) and outcomes of conjunctival melanoma surgical management, reconstructed with cryopreserved AM.

Materials and Methods {#s2}
=====================

Ten patients (10 eyes) who underwent resection of conjunctival melanoma and reconstruction with AMT between January 2005 and September 2013 were included in the study. All operations were performed by the same surgeons. Anterior segment slit-lamp examination and ocular surface staining with fluorescein were performed at every follow-up visit. Any problems regarding ocular surface homeostasis and any signs of complications or recurrences were noted. The patients' findings, ocular surface photographs, histopathologic slides, and any possible extension of melanoma into surrounding tissues such as the eyelid, lacrimal sac, or orbit were retrospectively analysed. Every tumor was staged using American Joint Committee on Cancer (AJCC) classification.^[@ref10]^ Success was defined as complete epithelisation of the wound with no significant accompanying complications or recurrence of the tumor. All patients underwent head-neck examination and soft tissue ultrasonography in order to detect any regional or lymphatic involvement, and systemic evaluation was performed in order to detect any metastasis. None of the patients had any detectable metastatic disease prior to excision.

All surgeries were performed under local anesthesia. All melanomas were excised using "no touch" technique with at least 2 mm safe margins (clinically normal conjunctiva).^[@ref11],[@ref12]^ All resected specimens were sent for histopathological evaluation. In order to destroy any residual tumor cells, double freeze-thaw cryotherapy was applied to the conjunctival margins. In cases with corneal involvement, absolute alcohol corneal epitheliectomy was performed prior to tumor excision. In cases with scleral involvement, lamellar sclerectomy was performed and absolute alcohol was applied for 30 seconds to the excised tumor area. The conjunctival defects were repaired with cryopreserved single-layer AM placed stromal side down and fixed with 8/0 vicryl sutures. Largest AM diameter varied between 14 and 28 mm according to defect size. A pressure bandage was applied for 3 days. Topical antibiotic and corticosteroid eye drops were used 4 times a day for 1 month. No additional topical treatment, including interferon alpha-2b or mitomycin C, was used. Postoperative examinations were performed at 2 weeks, 4 weeks, 3 months, and every 6 months thereafter in order to detect any complications or local recurrences. Limbal stem cell deficiency was diagnosed in the presence of findings of superficial corneal vascularisation with whorled epithelium at the excision area.

Informed consent was obtained from all subjects participating in the study. This retrospective study was conducted in accordance with the Declaration of Helsinki of 1975 (as revised in Tokyo in 2004). Ege University Ethics Committee.

Results {#s3}
=======

The mean age of the 10 patients (5 female, 5 male) was 57.4±15.2 (range, 37-84) years. The right eye was affected in 4 patients and the left in 6 patients. According to the AJCC 8^th^ edition classification for conjunctival melanoma, 3 of the tumors were T1c (\>2 but \<3 quadrants), 4 were T1d (\>3 quadrants), and 3 were T2b (noncaruncular and ≥1 quadrant nonbulbar conjunctiva).^[@ref10]^ No local invasions to the surrounding tissues or orbit, or lymph node metastases were present prior to surgery. However, 2 patients had history of incomplete excision elsewhere.

Histopathologically confirmed complete tumor excision was achieved in all eyes (100%). The mean diameter of the tumors was 15.5±4.9 (range, 10-25) mm. In 3 cases, the forniceal conjunctiva was involved. The limbal area was invaded in 8 cases (80%). The mean limbal involvement was 4±2.5 (range, 2-8) clock hours. The tumor invaded the cornea in 6 cases (60%) and corneal epitheliectomy was required. In 5 cases (50%), lamellar sclerectomy and absolute alcohol to the tumor base were also performed due to scleral involvement. Histopathologic types of the tumors were epitheloid in 1 eye and mixed in 9 eyes. Primary pathological tumor diagnosis according to AJCC 8^th^ edition was T1a for 5 tumors (50%), T1b for 2 (20%), T2a for 2 (20%), T2b for 1 (10%) tumor. Mean tumor thickness was 1.82±0.70 (range, 1.13-3.00) mm.

No intraoperative complications were observed. The AM covered the surgical defect in all cases. Ocular surface irritation and mild lacrimation resolved in 2-3 weeks. In a mean follow-up of 56.7±40.4 (range, 30-132) months, one local recurrence was detected. Exenteration was performed in this patient, who had undergone two surgeries elsewhere prior to our surgical treatment. She is still alive after 20 months with no metastasis. One patient died due to disseminated metastasis although no recurrence was evident in the eye.

No recurrence was observed in the remaing 8 patients in a follow-up time of 58.78±44.4 (range, 30-132) months. The patients reported no signs or symptoms related to the ocular surface and all were satisfied with their cosmetic appearance. All exhibited a healthy ocular surface with no inflammation or dry eye symptoms ([Figure 1A-F](#f1){ref-type="fig"}). Mild limbal stem cell deficiency with no ocular vision disturbance was detected in 3 eyes with tumors invading more than 180 degrees of the limbus ([Figure 2A-C](#f2){ref-type="fig"}). Symblepharon which did not interfere with eye movements was diagnosed in 2 eyes. All ocular surfaces except the two with symblepharon were smooth ([Figure 2D-F](#f2){ref-type="fig"}).

Discussion {#s4}
==========

Conjunctival melanoma demonstrates many clinical variabilities. Shields et al.^[@ref2]^, reported the mean age at presentation to be 61 years in 382 conjunctival melanoma patients (48% male, 52% female). Most of the melanomas had originated from PAM (76%), followed by nevus (6%) and de novo (17%).^[@ref2]^ In the present study, the male-female ratio was 1:1, and 70% of the tumors arose from PAM, 20% were de novo, and 10% originated from nevus.

Conjunctival melanoma can develop on any part of the conjunctiva (bulbar, forniceal or tarsal) or in the caruncle. In an analysis of 382 conjunctival melanomas, the AJCC classification distribution was T1: 57%, T2: 32%, and T3: 11%.^[@ref13]^ Invasion of the melanoma was observed in the corneal epithelium (40%), corneal stroma (3%), sclera (3%), eyelid (1%), orbit (2%), and canaliculus/lacrimal sac (1%).^[@ref13]^ Twenty percent of the tumors were nonpigmented, 59% were pigmented, and 21% were mixed.^[@ref13]^ In the present study, the mean diameter of the tumors was 15.5±4.9 (range, 10-25) mm. The corneal stroma was invaded in 6 eyes (60%) and the sclera in 5 eyes (50%). Forniceal conjunctiva was involved in 3 cases (30%). No eyelid, orbit, canaliculus or lacrimal sac involvement was observed. The tumor was pigmented in 8 (80%) and mixed in 2 (20%) cases.

The successful treatment of conjunctival melanoma depends on the extension of the tumor. Important rules of conjunctival melanoma surgery are to use the no-touch technique and to let the ocular surface dry until the tumor is completely removed so as to not seed the malignancy.^[@ref1],[@ref2]^ For larger tumors involving the forniceal area, excision should be more generous and tumor-free margins should be ascertained. Conjunctival flaps, contralateral eye conjunctival grafts, buccal mucosa, or AMT might be used for reconstruction of these defects.^[@ref1],[@ref2]^ However, the main disadvantage of autologous grafts and flaps is the insufficiancy of the utilisable tissue.^[@ref14]^ Furthermore, excising large enough conjunctival autografts might cause donor site morbidity.^[@ref15]^ Besides, many patients are not eager to have their healthy eye manipulated. Moreover, thick mucosal grafts usually cause unsatisfactory cosmetic results and also inhibit visualisation of the underlying structures for early recurrence detection.^[@ref15]^ Thus, AM is a nearly perfect reconstruction material for large conjunctival tumors.

The good success and efficacy of AM for ocular surface reconstruction are due to enhanced epithelisation, antiinflammatory, antifibrotic, and antiangiogenic effects.^[@ref16]^ Epithelisation is promoted by the basement membrane of the AM, which inhibits epithelial apoptosis and serves as a substrate for normal migration, differentiation, and adhesion of epithelial cells.^[@ref17]^ On the other hand, the stromal portion promotes ocular surface healing by producing various growth factors such as epidermal growth factor, hepatocyte growth factor, basic fibroblast growth factor, and keratinocyte growth factor.^[@ref18]^ The antiinflammatory activity of AM may be attributed to the presence of receptor antagonists of inflammatory mediators.^[@ref19]^ The downregulation of transforming growth factor b signaling and the suppression of fibroblast differentiation to myofibroblasts are responsible for the anti-scarring effect.^[@ref20]^

The antiangiogenic effects of AM are a result of the expression of tissue metalloproteinase and endostatin inhibitors, as well as proteins which stimulate corneal epithelial proliferation and suppress vascular endothelial cell growth.^[@ref21]^ Moreover, AM has been proven to not only reduce inflammation but also enable goblet and non-goblet cell repopulation.^[@ref22],[@ref23]^

Metastatic disease and local recurrence of conjunctival melanoma are usually detected in eyes with tumors located in the forniceal, carunclar, or tarsal regions and those with histopathologically tumor-positive margins.^[@ref2]^ Even with total microscopic excision of the lesion, further disease is reported to develop from associated PAM in 26% of patients in 5 years and 65% of patients in 15-year follow-up.^[@ref2]^ Numerous recurrences require orbital exenteration. Neighbouring (preauricular or submandibular) lymph nodes, lung, brain, and liver are the most common sites of metastasis. In our series, a patient who underwent two inadequate operations elsewhere (T1d AJCC stage) developed recurrence at 20 months and exenteration was performed. One patient (T1c AJCC stage) died due to disseminated metastasis (preauriculer lymph node, lung, brain) although the eye was apparently normal for 37 months. No recurrence or metastasis were observed in the remaing 8 patients in a follow-up time of 58.78±44.4 months. At the last follow-up, no surgery-related problems were reported and all patients were happy with the cosmetic appearance, similar to the results of Dalla Pozza et al.^[@ref9]^

Conclusion {#s5}
==========

In conclusion, although AMT itself is not directly related to outcome in terms of local tumor control, it provides a more generous amount of tissue for conjunctival reconstruction in especially extensive conjunctival melanoma and promises a healthy ocular surface. In most cases, complete homeostasis of the ocular surface with no complications can be achieved.
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![A) Preoperative picture of a 58-year-old male with conjunctival melanoma involving the temporal conjunctiva arising from primary acquired melanosis. B) Early postoperative picture showing the amniotic membrane. C) Late postoperative (22 months) appearance of the eye. D) Preoperative picture of a 55-year-old male with conjunctival melanoma involving the temporal conjunctiva arising from a nevus. E) Early postoperative picture showing the ocular surface and amniotic membrane. F) Late postoperative (32 months) appearance of the eye](TJO-48-15-g1){#f1}

![A) Preoperative picture of a 50-year-old male with extensive conjunctival melanoma arising from primary acquired melanosis. B) Early postoperative picture showing the ocular surface. C) Late postoperative (20 months) appearance of the eye with evident superotemporal limbal stem cell deficiency; D) Preoperative picture of a 84-year-old female with conjunctival melanoma. E) Early postoperative picture showing the amniotic membrane. F) Late postoperative (30 months) appearance of the eye](TJO-48-15-g2){#f2}
